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t^ji & & ^ifii/isai**^ t3 jo ^ x , tu ie si i m&m tyy* )vm.mm t <o m k 

, ®^3L^ H B H t#ii^ TtliM'klE^fllitfcWU Rlii^^Lrii&spfir^ (ill) 
BBlfil L tzmm frbtt* #ffi¥v# « «r^trCIfcS:4fafci-4h>^ JUSKSUSffiab 

[fS#£2] miie#M¥?fe^Te, Co, Ni£^&< i^-lt, Rh, PcL Ag 

*m i tm<v h y^jm^mm&m^o 
[it mm 5 ] m^isiis^^ h <r>m^m$-*$Lto+ %>v>* )^m%mmm 

M^v K-C&o-C, ^teflsfc-g-tr 2o<7)y-^ Kgtft, ItflE 2 o<£> Kg|50 

M^-y h*zffix.fzztz!&WLt-r2>mmm$£Wo 
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it x. tz v y * *m%tetmm * * - m^o 

[0 0 0 1] 

^^'J (MRAM) ^Cffiw£>*l& h y^^mMMttMZkm^m-S-h i><DX*$>2> 0 
[0 0 0 2] 

KfVX^il (HDD) fi**Olfr$&£t&lrtU Ltf^S&IE^OTfi&fcttttK 
ii^S-e^^o WX)<DiK^^iU$^i<B.%WnM%z (Giant Magnet Resistive ef 
feet : GMR**^) £fUffi Lfcl?*fc^ v K14^<7)f6]_h^(i fci"*tt«V«f K «t 

«K -E-<7)|2$S^JS<i^60%-100%-C#t/Tv^ o 3gftti^|fif«gJ^y - 

mm - mm %nmmi£<D>&m&rfM t^xan, 7rr>a^'j ^ram (f 

erro electric Random Access Memory) ZliC&t Lt, ^Jf #§14^ -=6 'J <Dm§£ 

t> *#&^&J«lfc^£^-f b (Tunnel Magnet Resist 

ive effect : TMR3M) Srfljffl Lfc&fltftfiHSC^ v K^ff > T * -b 
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* * -=6 'J (MRAM : Magnet ic Random Access Memory) ^(Dfflgftfjt £ V/* 0 
[0 0 0 3] 

m nmitxm&sFft t K^n t xmimtrnzz mm-? mmMnminn 

8^J±1975¥KJulliere (Physics Letters, voll. 54A (1975). No. 3, p225) 
\Z X h ii CO'Cfr&o ^"< 7 )^i:^ M?m't: , Miyazaki (Journal of Magnetism and Magne 
tic Materials Vol. 139 (1995) p231.) <hMoodera (Physical Review Letters V 
ol. 74 (1995) p3273. ) h<D >f )V--7\Z £ 2>10%&±<7)±& ^mMMMmtm (T 

MRit) <om&z*Ltio mmi-i*whmRT'(Dmmitm±fe*frhtohtix^ 

•2> ^1i\^M.%WSnM^z (AMR^J^ : Anisotropic Magnetoresi stance) ^fEL^SHfv 
jfiram (GMR5M I Giant Mangetoresi stance) t^UTJC^ci %%cit^*7fiZ. t 

[0 0 0 4] 

£ tl hmm^lt^^MtiL-? Zmmtf^k n m^^m+ n m <b i/»o 
OflfJgJg&-C£>& 0 !Rf K h >^/H»i(»«»wli±»CAl2Q3^AlN, Si02^*fe*i *H£U 

^ * >j fv^ ^j&jS'Ngsisi - * * h > ^i&fogj/t^ib^ (j^ttm 

RJtt^) Jt**dK-3li:*-5o TMR^^^^ y KUH5g«8tt«ffitwRanKttli 

& t h tlX is •) , C WRSiHattJi * ffl v » ^TMRftT" li * tf > / ^ "7'MTMR^ 

^tP^tftL* (Journal of Applied Physics, Vol. 81, No. 8, p3741 (1997)) 
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[0 0 0 5] 

%mtit<Dfr%b-r&&i&m (mtmmibtz 15 <n>mm) * i o n • patx o & 

<1-£d£T-3>&*lJ££T-(±/h$ mttiSt^LTLSd t^oPU 

[0 0 0 6] 

£ blZTmm^Zm^tzM^v K CTMR^-y K) (iGMR^;' KiJtgeLTMRJt 
A Xtmfti&o isayVSJ Xliim.lz&mi-Ztzftlz&&im.V'l*Z%mL 
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[0 0 0 7] 

tfhho TMR^^ffl^/cMRAMOt^^, ^400mV<7>^ TXmi±tfW1}U2 tltzWM 

> * fr®.m m/m&mwm<Dmmm. '< > Fmm<n < * -7 y ^ & &n 

[0 0 0 8] 

£> Z> o TMRftT-T-teS^I*! K £ v> T200t: ^ <b SOOrflSO^^ffl^^^I-e 

l » T 400r - 450 °C O^SSjfeftiffi^ *3 tL & o TMR^ (i300°C ^ h 350°C O fftMffi 
Irtf n t'mmtetf&it't k t f$mtf$> n , MRAM^J&^^iiCMOS^n-fcX 

[0 0 0 9] 

# &TMRlt *nZ>Z.t t5 ? -C # & TMRftT" * , TMRJt <7) / i ~4 T 7, «JE#t#1£<0/h £ V/ >T 
[0 0 10] 
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mt v>*)v&mmt<Dm^. m^^^m^tfzim^iEmn^^L, mm 
tztttxto^mz (i 1 1) ffifaLt2m&mfrb%2>wm¥mmz&fr, z<nz 

[0011] 

mUWm^mmiZFe, Co. Ni£4>&< t^-tt, Rhu PcL Ag, Pt, Auri^jg 
[0012] 

[0 0 13] 

C^LtWfC (111) SefoJLTV^^ ttfMt L^o 
[0014] 

[0 0 15] 

[0 0 16] 
[0 0 1 7] 
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mh^m^t. buis^ i m&iSEm i> l < urn 2 mmm<o4?% <ti>i mmmt 

[0 0 181 
[0 0 19] 

mmm^L wt^^-m^m^-o^x, mm*m^xmm-tz> 0 
[0020] 

[002 1 ] 

(m^-r) t*b««* i5,§ii 1 1 > wm^mm 1 4 , 
f > * )vmm 12, ^2 ^mn 1 3 c wfliu»s $ tix a 0 , #ffi¥?t e 
1 4 (iffi'L>£^ H B H fiii££ l < im^tt&mmzm-t&mvkmfrhz <o . mm^ 

«&¥fir^ (111) ElolL-Cnac: 

[0 0 2 21 

#M¥ri"iSl 4(iFe, Co, Ni£^£< t<>— Rh, Pd. Ag, Pt, AufrbM 

iwa^csc-c, m<btt&mm, m>bJE-ft&mm. fai«tt&mm. ^l>ie 

(iM'L>iE^ B e B |#it^W-ra^^fflv^ 0 ^tubRh, Pd. Ag, Pt, Au£4>£< t 
t-a^tf±g£^14^*t^(± (111) S£frL^1-<, Lfri>¥-ffi%&m*W 
*-T^o ±IERh> Pd, Ag, PU AuWJB^gfiFe, Co, Ni «t «5 < , ttzZ 

tlbTtmZmU-tZZtX&UZ: (111) I^L^Iimit^t^o 
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(ill) mtmw^nLx^ftizi&mLx^&ztit. mmvnz&vz> e-2 
eizx&ftmmzx *), (111) Ktm-t&mnM-ttfftiEL. t^>m^k 

, (ill) nit/f tf - * o n y * > ^ * - r^-m^nom WTt* & c <t 

[0 0 2 3] 

±isRh, Pd, Ag, pt, kumm^Ljtmxibhtzsb v ^^^m^mmm (±k 

TMRJt) <"t&- £rt ? #x.«b*L&7&*\ Fe, Co, Ni fc ^itt^itffMtl. 

:tCJ; 0TMRJto«^{±50at%*i«^abn(irpgs-C(i^ < , Zt>izmm<r>fflm.ii 
#K&i/>o L^L50at%i^±Oit^-e(i^«7C«T^^)Rh, Pd, Ag, Pt, AuK 
J: &m2&m<£>«^£ & hM/?$r2nmJ^Tti-^C<i:^MS Lv> 0 SfcIMB 

¥vf® 1 4 liUlItti 1 1 tW^Ltv^o 
[0 0 2 4] 

^AL/j^m^n^'r < , ^mmwowmw-mm 1 4 ±hai* srMtsc t -c 

£ 0 Aimzmi&mzmt a> l < nmi\:i> l < imm.it) -fv-txzn 
7Wi&. *<DAi<nTmmbzi±mmi> L<itmmtKmL\ l z<^^ Pd, A g , ?u 

tiBfeS-ffc) nct^^ti^Wfti^ti:, Fe, Co, Ni^fc£ii?ir 

«i£m±^Ai£j»r& <fc t) *>&m^*)\'¥-mz&fc-v$>ztzit>f@ffi%him 

-eti&<. f&O h >^;v«»JlSr«Jffi-r-6^NKttx* (#iU(fMg, B, Si, Ta) 
[0 0 2 5] 
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[0 0 2 6] 

HI 2 (a) »±, t»<^TMfTf £^i"II]-r&oT, DDiOi $ 1 52114*1 1 

l_tCffM£*i£ h >*>M6IMi 1 2 *3Ff«l5*;E|-C*<&o 132 (b) Itt&W 

2 ZTfi-tmRm-eibZo mim&mi itm2 (a) HTni-j^ftcaA (mb^ 

2 (a) H^i-J: 9 ftlHlftfi, &«ri»£OlH]£b^Tffim«« 1 5 

mims&mzmm-f&w&frhtkc&o ^t, ^^™R^T--e(i, m2 ( 

£ kofjl 1 1 1 iC7^Uf<7) h >^;w*fi*iJl 1 2 a*3J2j£S*L&rt:i&, 

i£jgft h ^*;Hft«Ui 1 2 Zti)*mmt1t&o U4i2 (a) tc 

W/TLt^^v>^ pe> Co. Ni^"b^^®#c7)|| 1 MM 1 K^mMltZhK^ 

* ;u*felt^ («/Jn ft IH] firi** £ o 
[0 0 2 7] 

Lt^U HI2 (b) tCTF-tJ;^;, HMS¥?#/il4£, Hflo^-f £ ^ 1 
HI UCfimtlcj:^ #B¥fi-H 1 4<7)^M(i^T-l/^^^##H^F 
vf ^^®^f#l^1-^c<i:^-e#^o ^oT, ¥?t^^B^^o#M¥ri-® 1 4± 

fc-£<7>±K»JB$ft*fil2fi814» 1 3 (0 2 t? ttH^-fr-f) <7>#MO^pift£ i> 

tl i: ft * # , M^-e^o^imtt * 4- Hil-e § * o L^fc h > * ^ 

& m p $ n r $ m t^ism t ft a o £ <b jcimb w-mm izm^ktiz m&&& k 
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biz&mw-ffim 1 4iwit*& (ill) M^Mnwc-^^^^gifiu^ 

[0 0 2 8] 
[0 0 2 9] 

HJ3-Cli, m 1 mMRfH^^T, fjl 1 frHt£« 1 1 ^T^lli 1 5MlZ%. 
(A(iPt, Pd, Ir, Fe, Ru, Rh7^S(;fft&^& < «h & 1 fi) 

0!);U£Fe-Mn N Rh-Mn, Ir-Mn, Pt-Mn, Pt-Pd-Mn, Wi-\k\^<Dm3$M&W&* 

<Zr<Dtztb, TnmMM 1 5co|S B B H *i#^ J; ^^D^Ma^MfPLT^ 

p^i-^^unii® i 1 ^mis^^^D^r, ^sMt^ft^M^ 

Ni-Fe^Pt ^ t-0®^3L^B H H «^ ^ Wt"^ Tlfeg±tCA-MnR5^M4S £11/1 $ ^ 

h 0 £ <b (CPtMn^Pd-PdMn, Ni-Mn^(i250t:m±<7)^M ; S* ; ff -? tffid^IE^ JUS 
ii<!:&*K ^i-^^liglOT 1 1 t<7)x^l§^#*[6]±^-^^- t i>T$Z> 
o ilfiS^SIM 1 6 £IH 1 «$2Ittl 13</)F >*;i-$fe!i/f 12i:0 

RmiiJ^#M^geSLTljl2igI1£Jf 1 3 0?Mt^f6]^mM^^[fi]H@^Lr i> i> 

[0 0 3 0] 

^WJ^TMR^HiS^T, £U&14«1 K|2lttil 3 u^iSj|at^£ 
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Lrv^si«stt« 1 1 izmm-r&ztfizx <o, nummznLxmitii&izw 

[0 0 3 1 ] 

-j£ (MBE&) (IBDft) m^mmm^m (PVD: Physic 

a 1 Vapor Deposition) IC «fc t) A1&JKB Lfc&K, 1^^/7X7 

^^#ALT^bi-^ 0 vvi])vmt&t\±w^4 jv^mRy'^x^mizx 
xztitzmm ^nmT- z i> -ovtm k * o £ 9 v a & k & 0 , o ^ 

ai v»»* 7Vii)v^*vytj;£'*m^xm.i\L-rz>?i : &x$>2> 0 ±m^mz ±&a\ 

T^K 4AlBHfcK *nz>Z\t ~h % X # * o JJJL± tiAl OiftfkJi Offr&& 
[0 0 3 2] 

TfBK«^ ^ p> ± n ^-r * k «t * en a & mo -r s £ *!> k , ^is n z 

^zn^xi>, *mMffl<DTmm^-i*m$hx$>& 0 ot oiMs^rm hcj:*) 
TSB«ffis±^^$tL7tn i mam 1 1 ^r^j^i^^oMfl^^t n 
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[0 0 3 31 

hi, H3i;(i, *mw<?)— mmmx"hhimmi'<vwmyk<Dfr*7FLx^z> 

7°n-k*^ GMR^y Kft^-7°o-fe;^-Cfflv>!b*i£-r * > ^ '1 > ?\ RIE ('JT 
^TOMt>i7f^) , FIB ("7* -77* h4^y\d~A) m<V%!)mM$> 

h^mtm^x-v^-yrfe*?, ®m^? - fz&izxTy;*-, eb (^u 
mm^&znfzTmm^s o 5 ^«vt^?rLLTmffi^fb^^i-^o mmm% 

1501 (i±^mi!5 0 2 tT^tl5 0 3 ^^&£K<"f&§:7^&&o ££S 
M.%r<o%.m : ¥-1&it<r>t2tb\<z, CMP (y^;M*-*^f)r>>r) ^^77, 
?-^>e-A^y^>^ECR^y^>^£ffi^&^<h ^i)W*^. 0 _t 
^m^5 0 1 tT»I5 0 2 KJiPt, Au, Ok Rik Al & ^c7)fg:^jL^« v> 
tL(i\t^ 0 if«l5 0 1 t LT(±, AI2O3, Si02^^*feMf14<7)-t-CtLTv> 

[0 0 3 4] 

^H^(7)-^»!)-e*^™R^T-^5 0 5(OMffMC(i, /^WXIx-^t-'^v 
vaXPLDh ^kf-Ar-^vv 3 > (IBD) , ? 7 X ^ - * > kf- A Z tz 
JiRF\ DC, ECR, 'n'J^, ICPt £ t±*fr|p] ? - ¥ v h & t*<D X/* v 9 U > ^vi , 
MBE^OPVD^T^^-r^ ^^pTfgT^^o 
[0 0 3 5] 

H5i:, ^l§0J<7)-||»iJ-e^)^TMR*T-^ffl^7t:i|^-7 FW«S<^-«^ 
^-To H 5 -emWE.fafrht£Z> 2 oc7)v-;p K (±ffi->-;i/ K2 0 3 fcT*B'>- 
;UK2 0 2) 2 oco->- ;u K^S^'-v 7 7*2 0 4 1*1 ^TMRSti^ 2 

0 1 £f£tt& X o Cii$iitv^ 0 IS$l(i##M2 0 5 IzmtiiLZffiLxmm 
mM2 0 6 t±.%V>zs-)U K2 0 3<7)^OfE$l^^ •;7'2 0 7 t)^<7)?1M#(C J: 

2 0 1 T^^Ji-^o TMR^glS 2 0 1 2 o (7)^/1 (fjl 1 



aiSE# 2 003-3085705 



2002-120433 



^-v: 13/ 



M5 IZteWTfiLX^Z^fiK TMR^T-pR 2 0 1 K(±«j|EIHM*Jg<a±TK^$ft 

, ±T^*@^ * ±T v - * K <b gs^ LT, ±TO'>-^Kt SffiSB * ^fe £ ft 
jit LTi n>o IWiTOy-^ K2 0 3, 2 0 2 tc(iNi-Fe, Fe-Al-S 
U Co-Nb-Zr^#^eoM^O^V^mi4M^^tL^.o TMR^T^2 0 log 

fi^fS] ICTMR^T- * MffilJ c> ^ ^iE« ^ -t 4 C t T ^ * UP A * C t . 

tPT^-C^^o t/:«2 0 8 £ Ltli, A1 2 0 3 , A1N, Si0 2 ^<D fflgm&tiZto 

[0 0 3 6] 

||^<7)-^»fl-t:^^lw*T-^3 0 1C#< OJgJg&lfiU: 

l figttS l l , #®¥rf * 14, h y ^)vmm 12, *2 figtt 
HI 3) £Wc^LTv^ 0 lttC3-^6 0 (iJKIMMqB-ffclHllEOJ&S 

1 3* ff atfHBtt»fc LtiiLT^-5 0 $1«B14* 1 1 twm^ftm 1 4^ft 

fiBtts t Lxmm-rzm&u^ ms^^^xB-^wtmim^mi iothk 
nmLtzm&t-rtitfx^o mexuB-^^hmx^n/zmw-a^^^^ %2 
mm 1 3 <nmwmttz> z. t -cmmm^ £&<> a - * sp* j e em 

[0 0 3 7] 

^i-^4mil|-e^> V) , A<WB-C^Lfc»nBiari*[2l7 (b) T-**<, 17 (a) ( 



£liiE#2 003-3085705 



Wffi 2002-120433 



^-->': 14/ 



b) HTK-fcfco^ 0 ^i^tf ^T K (3-?) SIS^L, ^Oigmtf 

4 KgRtCfc 19, i»^tL^m^-^^#:^i-^^T-<h LT*#&B;?U#&-fgM1?iJT 
ab&TMRSH^S 0 1 J: «9 i^!SJt • i^tti^-eM^tttc^tL 

* KSB * Wi" & 3 - * SHSBS^ y Yimfa ttaho (m^-f 
) «b 0«^-|8#li±tt 3-^SR303 C«ti9 *^*L±ffi 3 - 9 U 3 0 3 tcgft 
£*l£TMRStT-3 0 lH«t *) f^HX <9 £fT? &OT£>& 0 H7T-(±™r^T-SB3 0 
1 \$±$mM%Z 0 6 <hT^S^3 0 5 fcmSCW»cSfiK$nT*5 «9 , fe&JIfi! 
3 0 7 CJ: i9_h^3-^^3 0 3 £TSB3-*SB3 0 2 $ £ 

otv^A*, MLilSIiS|S3 0 7li^'ei^<, ±§R3 - 3 0 3 tT 
^3-^3 0 2 Ji^-*i-Pn±«S«S«B3 0 6 <hTg(5m»3 0 5 Lfcfl* 

303 miznzwttusx <, m 1 1 m 2 -e^ l/ctmr^t- 1 1 2 <vm&te& 2 

& o m 7 iZTp L v K ( 3 - * MiSt^ y K) Iii5 iZTF L 
5&9J<*>— Hifeflfl-C* & «s$C^ -y K ( -> - ;i/ KSflB&C^ K) t ttm. L T , 

m^fz=i-?mm%^y vnmnmmtwf--y°x$>h^ v t l 

yy°3 0 4 <D&2&mim^m<7)immizmfi,%^tztb, ish^l/: 

[0 0 3 8] 

TBI 8*3 J: 9 tc^-r«afJK«5C8BSil11«r#Jfi-t&C trt ? T§£ 0 115 t/j 
{iH7 iC^L^«H^O-^»UT^>^^^ y K4 0 K ^<7)IEftfj^4 0 2, 
* »aiEii«MM 0 3 , »tffit-^ftia«4 0 4 fcffi^TfttiWjrafc 
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zfF-fo H9 (a) te&%Mzmn^w:<7)m&V7^^w.<?>mumT~$>t) , hi 9 

(b) (i^ffiil^^fico^f^WEl-e^^o H9 (a) OHIte K 7 A^g 
1 0 3 (i. TK7A106 S5£tf±mz ^tL> fW^fflCi^ 

a 7 ki o 5 z.htix^*z> 0 mmL^^^m^-y'it, - k 1 o 4 c?&o 

-C±HI$5K9A 1 0 2O[p]KII(:iatIiLt^TLti/^ 0 i&M^y Kl 0 

1 0 2 0^JS1Btcii1SjKO*l 0 l1>mifbtLX\t*&o &&7--'7t±®mV7 

OjfefTSUi, 0 9 \tl7F.-f£ -9 tz, @KK7Aitl 1 3. ^';-;H 07, t 
i|ll) , ;-;H 2 2, @$k*°^H0 8, 110, 111, 116, 117, 1 
1 9 , mffltfA hi 12, 115, 4t^^>118, fcf>^n-9-120 
, r > v a yy-A l o 9 ^«x.ti/^ 0 m$E K9A^t l l 3 (DftMM^i*. 

±MxmmLtz*$kw<r)-- mmmx$>^>m%^y ki o smmztix^Zo & 

ffiV-Jl' 1 0 7 \,Z%fr1fitzm%7---7\ 2 1 li, t°>f-n-9- l 2 0 

1 1 8UJ;*§|§^iaf^-C^L. H 12, 1 1 5tcj:£3g 

fl-CEHE K7Agf8 1 3 KfSfcSfifcfflB&C^:/ K 1 14, 123 iZWLolfb 
*i, e>^n-9 - 1 20t + f7^^>l 1 8 fcorafcaoT^iflfci? 
\ 2 2[zm^WLhfiX^< 0 -OUlKK^A^Sfi, ±igK7AMt*ot 
S£ffl$$C^y Kl 1 4 (iHIK K7A^iffi^f> 2 0 M mgSi § ffi-T X d K 2 

\,z&2> Tmrnj-^m & & t<D & -e- ntm® x'ptt^tztbkz^ & ^mma. * mux 
w&mzmmLtzmn^v vzmMLx^zfzfrizmM&fcmzm*-M^$mm 
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[0 0 3 9] 

Kfi5*U fiJB*t*0«H5 > / A 7 ^ ^ * 'J (MRAM) ^PTfgt^^o fSfT" 
(i0Ox.(fl2ll 0 U^£*lfcA 1 KtfMZtlhZ O K. Cu^Al*^-^Hf^«bn/c 
™R*TO«^SEfk*^^4ffi«0Effiffl?i#:«l«|J (-fc>;Mft«B) 6 0 1 timm 

?-izmwz%£z^&fzft<vmm%mmmmm (7- k«o 6 0 2^^-? 

[0 0 4 0] 

1 0 cofflt LTBI 1 L£TMR|tT- 1 1 fifcttJi 1 l/flf 

mm i 4/ h >*;m&s* 1 2/m2mm 1 3 Lt^^'jt^t lt^ 

Ltv>S, 1 0S:»)Jtn2oo«Hti©H, — ^fi^«S#tC 

ftttfil 1 3 ^IMW^^'JIi: LTsfc9H-So TMRH 7 1 0 lifi 
^"C&at^U -t >^i»3|fc»7- KHSB7 0 1 Kffi&Wfatf&SL-t *m.%-1i s 

<Dmkm%m*&tt&\T~$>2>o mmmmnv - ksu»7 o 2 tty^mmv 
vm&7 0U7- vmm 0 2 izmfa£<nmtii* : ML. z\<Dt^±>^mm t 7 

- b'mM7 0 1 fc-fc>*»S5 7 0 0 ^JlDTm^^^$tL7tTMR^T-g|5 7 1 

mm?- o l ^^l§^i-^>^#{iSg^2^t;RJt^JL-r^-t-^)^i6 

, * ■=& V S £ LTftK £ 2 i&t&f 1 3 <h -fe >*HiE7- K«|gR 70U <7>ffggtf2 
»!|-e^^>TMR^T-^H 1 1 -1 3 tC^-TJ: ^ &MRAMKfflv>* C t tl J: f) , TMRJt 
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[0 0 4 1 ] 

cMos^±^^ctsj£-c#&o 2tii, mi-mzmmm^- 
704 (&&^(2iirLitT-) ^fflv^jtf^;^^LTv^ 0 y?mm^i 

{«°Tf£T^>£ 0 itimi 3-eti, [211 1^11 3 <^J: ^ &Sf^-53^t<7>7t#<7)X 

^7^7 0 3, ^h^mmfm^7 o A^tim^-r, 1^7-^70 
2 <!:-t>^^7 0 1 (D^^zmi-tfWMzn&mf&t lx^z> q mi i-mi 
3-cti, -en^n, ^xMe?- msu7 0 1 im^izmwL^mLxmiimt 
zm&w& mnm tn m mmm t m mmm mi&m tzftm-tzm&iz^^r 

[0 0 4 2] 

(*M0O 1 ) 

[0 0 4 3] 

^hh^ <Dmn<D~=}fm t lt, m 1 izmLtzrmmT-iz^^xmM-t & 0 mm 
fc±.izdc&£zm-?v* Yv>xs*y ?mzx ^-mmzitmLtzo ititi 

iZT^mmt LTTa(3nm)/Pt(100nm)/Ta(3nm)^fI« Ltz 0 fOlCf imW§ 
t LTNi 0 .8-Feo.2(3nm)£, #M¥?#/f 14Cil ^/Fl-^t£#**t MJ?<^/f £ 
I1U: 0 Z<D±.{Z Y y^J^m^m 1 2 COA1-O(0.5nm) ^^L^o Al-0h>* 

;n&*tJi <7)^?mrt cDMi?(i^b^SBt) ^ai (vmtmm £ ^-r <, a\<o& mmm^ 

^#l2200Torr(lTorr=133.322Pa) ^>^f ^tf i^t-C-lfitl^^i^ L/: 0 
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*<D±1 l z%2mftmi 3 0Co 0 .75-Feo.25(3mn)^«iiL7t:o IS 2 m&m 1 3_tK 
S?M14®Iro.8-Mno.2(10nm)^»® LT^2mi4® 1 3 <h £ 

(l5nm)/Pt(10nm)^f^L7^^tC, "7* MJ V^77>f-Mt>^'J 
i/>TE14 H^i-J: ^TMRIH^ L£ 0 /f P^sjf Jf miA^^X/* v 9 ■$ Z> £ t 
TiFMU ±^m^H(iTa(3nm)/Cu(500nm)/Pt(l0nm)^ffli/^7t:o TMRStT-^-fc 
^tfMKli 2 /(iiX 4 ^mt*4o £<£><£ d tcft-jjfc L£m^£250t;-C5k0e<7>?g|# 

[0 0 4 4] 

[HI] 



am 


^®¥?iJi 1 4 


TMR it(%) 
t^fiinM (Q/tm 2 ) 






12% 

6Q um 2 


mmmum 1 - 1 


Fe 0G Pd 04 (3nm) 


23% 

7Q wm 2 


HWJM 1 - 2 


Fe 02 Ni 07 Au 0) (2nm) 


25% 

6Q um 2 


mmmu.m— 3 


Fe 03r> Co 0: , r> Pt 03 (1.5nm) 


30% 

4 Q u m 2 



[0 0 4 5] 

L7t:^Tii^*fiM#AOTMRJt(i31%^^^^{i^^LTv>/c^\ h 
Hft0!^ 1 — 1 x 1 - 2 , 1-3 wm&ffifLUli&XlOn&T t&miL-eib 

& t m&^mLStii2o%&±<7)&^mz'&fzo u 1 <D%nm&fo 0-1, 1-2 

,1-3) <7)^(±^T-®«^2X4^m2(7)^^^LTv^^\ #Uf^TOl» 
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[0 0 4 6] 

nm) /Cu (50nm) /Ta (3nm) T* & h Ta/Cu/Ta#ffi OffMK i±i2 C/TL/:i oC, Pt <7)*1 

d=20nnu h=2nm-r-& o /c 0 t£*1?!lf*£|-A OTMRfH^^I^K & d cOTSRm® 
W7 7^^itt^tLtv^: 0 -ZrtHZft Lt, 1 - 1 frh 1 - 3 

X\zi$^x s H 1 1 (NiFe) <!: ^M^rtf 1 4 t <7)#MiiT^m® <h |sJ 

C9-7^^f^^^Lri/>/;^\ wmm$m 1 4 tv y*^$>mm 1 2 t^>wm 

l*m2 (b) U^LTtzJ: 9 &¥±H&#®t ^otv^: 0 £ ^-e^^ts £*^ 
-3OAi-0h >^;Hfeit®^^Lfc^t:\ wm^mm^m^mimmiff 

KXVmVtLtio ^<r>mWz, #M¥^f ^JUi^i, (111) MKft^L 
0 , Hi&Mf&ft l-Ul-2 ltm<k±Lmkm&l:$> , H»JI*# 1 - 3 

(iB'M^ B H H i#ii-r^ o fc 0 £ h izn rnvmn 1-1^1-3 (Dwm^mm it 

(1 1 1 ) <D n y * y 7 ij - r^fiips^lOSi^Ttr^) o tz 0 
[0 0 4 7] 
(l£«!J 2 ) 

^OHi<7)-Iii Lt, [HI ic^ L/iTMR^^^M^J 1 t mmm<V 
^&XftfcLtz 0 mmzitSi (111) %L%HgkmfcZm^tz 0 *OJiMi,SI2MR± 
tCTSRS^Jf 1 5 t LTAg(5nm)/Cu(100nm) L£o Tg|5«®© 1 5 tiSidl 

1) ifMSiH*4£±-Cf2 ^ tf * * y ^ L T v »fc d <DTMW.m±. KJ£JIT H^-f i 

[0 0 4 8] 

Nio.8-Feo.2(4nffl)/#ffi¥rf«X/ Al-0(2nm)/ Coq. 5-Feo. 5(3nm)/ Coo.5-Pto.5 
(lOnm) 

co-ptmitMummm-c^ , mm-t^co-Fem^m^t^m^m-Fe/wm 
w^m^mmfoz*) <ir2>tzsb(Dmx~£>z>o vy^^mmi 2<7>Ai-ofi 
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„ mm*'Xj±fim%^mmm&2tltz<DAr+02M&jf* (O.SmTorr) 4"T\ 7 > ? 

- >3-r ^uisow^RFm^^r^Ai-^c <h-e^-7^x-7^^^;L, $HtB#fyil8 

0®Xft^tz o ±mmm±^i%mm%k±MW,m<D— L-CTa(15nm)/Pt(10nm) 

SPm^^(iTa(3nm)/Cu(500nm)/Pt(10nm)^fflv>^o TMR^^O-b^f^ii 1 
X3^m-C^)^o C<7)J:^ tC^^L7t:TMR^ : f-^200 o C-e5k0eC05ll#^entnL-ri0B# 
PTO^^S^fyfeL^o W|i M^ftT^lkOeCO^^en^pL-cm^ 

txzmfcLx, ^(Dmmmimim (j^TTMRjttD^) coep^^rxm/ii* 

^r^^/jo i2C|Sf^fto ^»0^2 - 1 irh 2 - 3 <7)^2|-^X^III^ 
ta 1 ^L/cO<i:^«^j|?W^^T^ :ti:J; 0 ( 1 1 1 ) BSft LtzW 

mm^mi^x^x^^zt^mmLtz 0 ttz, U2\zi$h\-ovy^)vm%m* 

[0 0 4 9] 

[m2] 



urn 


X 


Vh(mV) 


Ra(A) 


ft&mm,mB— 1 




550 


15 


^«JIS*4 2 - 1 


Fe 0 . 65 Ni O)!i Pt O2 (2nm) 


940 


4 


H»^4 2-2 


Fe 02 Ni 07 Au 01 (5nm) 


850 


6 


nm&mm2— 3 


Fe 0 . 05 Co 055 Ag. 0 ,(1 .5nm) 


790 


5 



[0 0 5 0] 

it 2 frb^mvww^ffimxzm*tzTmmi'<vm±temmwB =t r> 
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[0 0 5 1 ] 

mmffl 3 ) 

^£-CM:L£o ^^i±500nmO^^tflI#§Si*«^fflv^j o itlCTSB 
ffiMI 1 5 <7)Ta(3nm)/Cu(100nm)/Ta(3nm) L£ 0 £3MI14/f 1 4 <DTM.m 

t LTNi-Fe-Cr (4nm) ±UTfB^7jrf TMRJg|£fPJ& L/c 0 - <7)T3GmH/i±(3W 

[0 0 5 2] 

3l»JI»3 - 1 : Pto.5Mno.5(15nm)/Co 0 .75Feo.25(4nm)/ Fe 0 .75Pt0.25 
(2nm)/ Al-0(0.7nm)/ Coo. 9^0. 1 (2nm)/ Nio. 8^0. 2(4nm) 

fg»Jffc£|- 3-2 I Iro. gMno. 2(10nm)/Coo. gFeo. l (4nm)/ Feo. 6PdO. 4 (2 
nm)/ Al-N(1.4nm)/ Niq. 6 F eo. 4(5nm) 

*»lJ^3 - 3 : Pto.5Mno.5(20nm)/ Coo. 75^0. 25(3nm)/Ru(0. 8nm)/ C 
O0.75 F e0.25dnm)/ Feo. 6^0. 15 p t0. 25( 2nn >)/ Al-O(l.Onm)/ Feo. 6 Ni 0. 15 p t0. 25 
(2nm)/ Coo. 9 Pe 0. 1 (5nm) 
^»0K# 3 - 1 (DAl-0 V > * (iAIJI £0. 7nm^m^, 200TorrO^^ 

X 1 59-^ @ ^iftftl" & <b L fc e 3 - 2 (7)A1-N h ^ * ;Hft 

*tJS(±Alli£l.4nmj£jilim, 80%<^M^*^i±HrL»P^ $ tL/cAr+N 2 ^^X (0 
. 8mTorr) tpX-V > ? - > w( )l H200W<7)RFm^ LT7°7 X VMlfc £40# 

fin z txftj&Ltio - 3 mi-oh ^^iib^ aui^u^ 

S«St:J:l)fML/:o d ZXmmiZAim<vmm*7ji U *[^tC(iAl-0(0.4 
nm)/ Al-0(0.3nm)/ Al-0(0. 3nm) <7) J: ^ t'Al Z MSMitlr Z> Z t X1&J& Ltv^ 
o ^ <b^^WUI^#3 - 3 (7)Ru(0.8nm)(i^-r^> 2 ooCoFdl CR3Mmift& 

f£#3 - 1 frb 3 - 3 OR5M£t£« cOTHiiif i: LTM^3Z^rB H H «itONi-Fe-Cr(4 
nm) £rff^J?£ L/c Q 

[0 0 5 3] 

tiiliE#2 003-3085705 
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[0 0 5 4] 

'i&%kmWZMC : Ni 0 .8Feo.2(6nm)/ Al-0(l.2nm)/ Coo. 5^0. 5(3nm)/ Ir 0 .sM 
no2( 12nm ) 

Al-0(1.2nm) i> > ^)\<mW JSfiAlif Sri. 2nmJ&IBIf£, X"V^<ffc£fir o 

(O.SmTorr) 7 > * - > n >f )\s\Z\5W<r>VFG2} £&A1"& d <h T*K 

[0 0 5 5] 

±SBTMRR±C*»«*!KE±a*SW— «Rt LTTa(15nm)/Pt (lOnm) -Sr^JfltLfco 
[0 0 5 6] 

(Ni-Fe) Lfc&KffFflii Lfc h Wf^MfitiWlC^L/Co 

[0 0 5 7] 
[^3] 









H»!lTO3— 1 


1.5 


0.5 


H»JI^3 — 2 


1.7 


0.6 


H»JliM3 — 3 


1.4 


0.6 


ft&mtm C 


* * * 


5 



[0 0 5 8] 
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«9®^5l^ B H B «ii, B^IE^BltSit^ (ill) M^)MMl*Itc^^@efp]LT^ 
[0 0 5 9] 

>k\Z7 * h 'J y^*7 7 ^" > < 'J >^*£ffiv>TE]4 CtfL*: J: 

^M^TMfH^fMc L£ 0 ±§|5m®^(iCu(500nm)/Pt (lOOnm) £ £ h Hfcf&Lfz 
o TMRSfT-^O^XfiO. ljumX0.2/umt Lfz 0 ±IE 4 1^14- ^ 280 rT^T-Og^ 
^[oir5kOe«#^en^nLT^31^ 8^1IiU: 0 -0280^0^31^, 
^T-<7)ifl'^tt^P-<^)^^lC450rS TIMS^tV^ MjllfiSlUlfif 
^»i£?IJJ7eLT. IflimJfi^^ (TMRJt) £;fca6^o ^ 4 tc^^-To 
[0 0 6 0] 
[1^4] 





280T: 


300t: 


350T: 


37or. 


400t: 


450°C 


H«Jli*4 3 — i 


35% 


38% 


35% 


34% 


33% 


32% 


^«jfst*4 3 — 2 


26% 


25% 


24% 


22% 


24% 


22% 


mmmm3— 3 


45% 


46% 


45% 


44% 


44% 


42% 


fiESfeflUm c 


28% 


30% 


16% 


5% 


2% 


0% 



[0 0 6 1 ] 



[0 0 6 2] 

(mmm 4 ) 

1 ^m^tzmmmm^ 1— 3 t«#yi*#A<i:isj ciMOTt^^ffl 

2 0 3 -TiC^I££ffiv\ _t£BfE§lffiig£® 2 0 6, _tg^>-^ K 2 0 3 . TU~>-^ 
K2 0 2 C(iNi 0 .8Feo.2^^^ y *"efBR Lfco BWT-SK 2 0 l±T(3{iT 
SPm^/i, ±3l$WlJf £ LTTa/Cu/Ta£@£gU Jtg&v-^ K2 0 3 £T£|Sv- 

[0 0 6 3] 
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J; 9 u (h7 y ^(B^ioj) , HJe&te* l 2 o^tSBtto^ripj^^ni-^g^ 
m7zM&m<r>m-W}Jjfil* : &7z.Ltz&, It:, 20orT*iooOetf>M#*tM b#w&& 

1«^7 KWff4^t y/2 0 4 ^O.l^m, TMRifT-O h 9 ? ?ipl(i0.5//m, M 

*# j& * ffl v> fc v - )v vm&%^ y k * * ti-etinifefli 4 , ^*^y^2j. Dtt 

[0 0 6 4] 

ffcjjfc L £f&^ K^s/NJt (fll^St^Jt) ^it^tLtzt Z\Z> mtfmWfr 4 
oW^fUt^#DJ; «9 t8dB<^m^7&*|p]±Lfwo 
[0 0 6 5] 
(^*« 5 ) 

me lZ7szLtz3-?m&<0&fo^v K fcffcRLfco T^3-^g|5 3 

0 2 &C(±ffi£^tf>Ni-Fe£-&18S£ffiv\ _tg|S3-*gB3 0 3 CfiCuMoNiFeTO 
IMSrffiv^o T§&3-^3 0 2<Dm-Fe&&J&*Bf&felz(wmmLt:&, Al 
2031111^ &&*&liJf SB 3 0 7, Ta/Cu/Tari*£fc&TSP«ffiSB3 0 5 MLt 

[0 0 6 6] 

I Pto.5Mno.5(l5nm)/ Coo. 75Feo. 25(3nm)/Ru(0. 8nm)/ Coo. 7 
5 Fe 0.25( lnffl )/ F e0.6 Ni 0. 15 p t0.25( 2nffl )/ Al-0(0.7nm)/ Feo. 6^0. 15 Pt 0. 25( lnm 
)/ Nio. 8 Fe 0. i(2nm) 

$£&M¥tfftE I Pto.5Mno.5(l5nm)/ Coo. 75 F eo. 25(3nm)/Ru(0. 8nm)/ Coo. 7 
5 F eo.25( 3nm )/ Al-0(0.7nm)/ Coo.9Feo. i(lnm)/ NiQ. 8 Fe 0. 1 (2nm) 
^101^5 (PtMn) coT^t LTNi-Fe-Cr(4nm) 
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o WfWfc *>Al-0h >^^$&lf^(iAl(0.7nm)^200Torr<7)|iE^4 I 'ei05^^g^ 

e#^|fil7& f BIl 1 Wilt: W I til^^] i ^ ^ J: o C L /: 0 ±»ltai3 0 5 
^{4Ta/Pt/Cu£ffiv>£ 0 TMR^t±^3-^^3 0 2 fc Hi C 
fc#KSi02tt«*£^lftLfc&, ±^3-^^53 0 2 «LT@6C^tJ:^ 

ilC^^J:^: (HI 6 CI5^T«i:||^[pI) , S^iSttSOK'fb^att^ 

jjfatmtQ-t^&m-firmwx&it^ft (me ke^lt^* 2^<db-?U3 o 

[0 0 6 7] 

fNR L ^ -y K <7) Jett tefM^Ztztbizi 80°C <E> HSffl K A fi X 200mV<9 «JE 

£ ep*n l fe«i?.-c5o a mm$-t & t mm l £<, - o^ogr t mom 

T 14 ixm 1*1 "C £ «5 r^L^m^J #14 %7frL,tz(D IZM L T , fi£3fefllifc|e|-E £ 

fflv^^y y<nitit}i&Tmtes%t3miz±£%iiit)i&T&%t>titzo ^ot* 

[0 0 6 8] 

(H«J 6 ) 

i3.mcx$>&-t>K mmmm^3 - 1, 3-3<Dh>^^mmx^^M-o(Dmm 

(4-etl-e-*tLl.2nm, 1.4nmfc L, PtMnR5MS14JlOTiftJi t LTNi-Fe-Cr(4nm) * 
[0 0 6 9] 
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mmmmA 3 - l : Pto. 5 Mno. S^nnO/Coo. 75 F eo. 25(4nm)/ Feo. 75 p t0. 25 
(2nm)/ Al-0(0.7nm)/ Coo. gFeo. l (2nm)/ Ni 0. 8 Fe 0. 2( 4nm ) 

HWJ^ 3 - 3 : Pto. 5Mno. 5(20nm)/ Coo. 75 Fe 0. 25(3nm)/Ru(0. 8nm)/ C 
o0.75 Fe 0.25( lnn >)/ Feo.6Nio. 15 Pt 0.25( 2nm )/ Al-O(l.Onm)/ Feo. 6 Ni 0. 15 Pt 0. 25 
(2nm)/ Coo. 9 Fe 0. 1 (5nm) 

7- KUt£G7 0 2 ^«t^-b>^^7 0 0 & X If* >^^* r 7- K#|gB 7 0 1 
UtiCu£ffl HM#J 3 ^fcf&LtzmWm^ 1 £ J: CK^^y^AOT^m 
I^-t>^^7 0 0 iL, ±gf>m^<!: Lt-t >**£i57- 0 0 

^fflv^tv^o -t>Xf«7 0 0(i^±tc{«£*L£CuJ: 0 &&7- K«ftfflJ 7 

o 2 tii7;K ^-m-eiaif L^micff^$n-rv^ 0 mitosis ^^wii^ 

mX2^mi: U TMR^T-g|5(i280r^5k0e^^#^-t^<7)ft^73fp]tcen*D LT 5 B# 

lift Lfco £ titzmj-z * fi^n-mmmwm 6 - 1 , 6 - 2 1 

m^Tmmx\ 7 - vuu 702 >xi§ 7 - mas 7 0 1 ±izmj& £ n 

[0 0 7 0] 

7- KIM 7 0 2 <h-b>X^7 - KIM 7 0 0 {Z^)V^mt^ : (^LXmWk 

%£z^s&mikm<7)mitKm*mc\ Lxmm r oj &ie»Lfco *i:7- km 

H57 0 2 t^y^m^- K*U»7 0 0 tcR*t^|fiiH/f;i/^KSfcSraELraa» 
1£JiOM:££$K£-£T'|f|R TlJ £ffil$L£ 0 -t>^7 0 0 ^>^|5 
*7- KIM 7 0 2 <bO^^^400mV(7)/svr T^^^fpjpLx^^^-g^^^ 

t, mm roj tif^ ru wso^Tffi^^iij^L^«}:>i6»«W6- 
1,6-2 xitioomvi^±<DMtati(Dm^mhtifz 0 mmzi&mvmmzm^^ 
tzm%**vm z f-'vi>mmzmn roj t ru ^f^mt-^fiT^^if-s!- 

tii 7J a ioomv*?t-e h o £ o 

[0 0 7 1 ] 

&K±EHJfcffllJ#H-6 - 1 , 6 - 2 , {£5feWSWF*>TOR3R^*EI 1 1 ^^1" «t 
-9 fc*>f v^StT-7 0 3 £t#o*^E'J3£^--£\ H 1 0 ^^-TJ: ^ ^7HJ 7 n 
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16X16 m=f-<?>* -=& $;iyn^i: L£-ft8 7*o y ^ i Lfco STFE 
T£ 7 *y 4 yJ->yh7>i/Xf- (SW-Tr) t L TCM0S£ "7 h 'J y ^ *_LCg£B 

l, cmp-t -^m ^ j t Ltz'&. iMnmrnm* 4 umm% i-d^tmr^t- * cmo 

SH*tlL>LT-r h <J y ^X^Hf^lt^o ^tL-etL(7)-t^Mff(i0.1^mX0.25//mi: 

m i ?fm l tzm^x2sov xskoe^mw * -t ft hta%>n^\z mu l x 
1 omm, mw^Mmzft^tzo mmzmvxTKm^ > 9 -^m^n^tz Q 
& (n, m) ommmmit (n, m) «i<r>ifT--c^-t& , 7- k« 

<7)<ff-^*ffiilL7^o •^^CMOS-e^M^tL^FETO^- h ^^tL^tLC7)^0 y * K 
£ 1 oON U -t>^mv;t^7ifLL7t:o -^<b§, #7'n y 9 \HX<D-t y 7. 

. HMf!Ji^ff6-K 6 - 2 ^fflv^cMRAM-e(i#-^^^';mT-^#^i:^^ 
K tB 7J <b tl tz f£*#!ltfcN- A £ ffl v > fcMRAM Ji ti m # ?H# <b 

ti%fr<2fzo ^Kii^m^Tmmj-iuoovx^TKm -> > ? -<$m.\zmz_htiz> 

[0 0 7 2 J 

TmitZTF-tZt&X^&o Zbiz^ TMRJt<7>/^ T^mEE^#1*^/h^ < U ± 
T7.ni±frmnLfzWmxi>M^lti?)$:Ki-Zt&X£Z> 0 Zhiz^ TM 

mmgzm^ * m v > x , ^ m # -? m w^^tt >t S5ie»*jk k *t)£-r * 
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[mi] 

[12] 

[13] 
[14] 

[15] 

ime] 

^5$:m<7)3-? zmi~Z>ffii%^y y<D—WZ7Flrm 
Ii7] 

^%w<D3-? *yg-fz>mn^v ¥<7>-m*7r^m 

[18] 
[19] 

[110] 

[Hi] 

[112] 
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[mi 3] 

11 mi m&m 

12 h >^;w#6^S 

13 m2 mn.m 

1 4 #®¥r#f 

1 5 T«B«ffi* 

1 6 RSgtiKttV 



mSE#2 003-3085705 



2002-120433 



^- v : 1/ 




(b) 




miEiff 2 003-3085705 



tfcm 2002-120433 ^- v I 2/ 

[H13] 




12M13 



ifcifE#2 003-3085705 




mSE#2 003-3085705 



Wffi 2002-120433 



^-v! 4/ 



[®5] 



fS^>-y7°207 



7TT 



7IT 



|fe#^208 



A. 



X 



"A 



#^gfl205 
^±^->-^K203 



W/ZM&j TMR^T-^201 



k T£Bv— /^K202 



[12 6] 





1 




|2ittil3 

*ifc'r-?tJBi4 



tt\fiE#2 003-3085705 



2002-120433 



^-v: 5/ 




liiwE%f 2003-308 5 705 



!&m 2002-120433 



6/ 



[18] 




404 



tBfE# 2003-3085705 




tBIE# 2003-3085705 



mm 2002-120433 



8/ 



1 1 01 



on 



V 



off 
off 



= 113 



(-fe>X*§DSP601 



= 113 



on 



off 



off 



(7-K«)<P602 



[Ull] 



i^X^*?- KM 7 0 1 




H>*ji4MilBi2- 
xiasttim 

>*fcg £15700 



*-f*:/^*^-703 




(b)«aam»ift 



tBE{|t2 003-3085705 



&m 2002-120433 



^-v: 9/E 



H 1 21 




!g25gt£Jf 13 
h>^ffiMl2 




[013) 




fg2&14Bi3 




(b)iMgaajtM* 



mtl#2 003-3085705 



2002-120433 



mm 

[mm] i&m/iT^*m%mjcmmz7rs-f h > ^^m^mmmmj-a «t 

imfc^m mm±izm 1 m\m \\/yy **mm 12/^2 1 
3 rfmm itv^ h > * )],mimtn$hmm=F-v>m 1 itti nth >^^46wb 

1 2t<omz, M^3zl^ H B Bt»iS L < (iM^iE^H H H fll3£T'TOi*it; (1 1 1) M 

[mmm] m 1 



miE#2 003-3085705 



2002-120433 

m m a m & m m 



[000005821] 



m 

ft * 



1990^ 8A28B 



^IS^PmrfT^^Pm 1 0 0 6fi 



